Regulation of orotic acid biosynthesis and excretion induced by oral glutamine administration in mice.
Glutamine, the most abundant amino acid in blood and tissues, is degraded by the renal and splanchnic tissues, especially the small intestinal mucosa. Due to the activity of glutaminase, it may be broken down in these tissues and contribute to ammoniagenicity. Glutamine, either directly or through ammonia production, may act as a nitrogenous source for pyrimidine biosynthesis. We have evaluated the effect of glutamine on orotate metabolism in mice, by gavaging (ig) L-glutamine, 1.0 to 4.0 mmol/100 g of body wt/day, during 6 weeks of experimentation. Glutamine at doses of 2.5 to 4.0 mmol/100 g of body wt caused a significant increase in plasma ammonia and urinary orotate. The regulation of the orotic acid biosynthesis and excretion was studied by testing the effects of various inhibitors in mice force-fed with glutamine (4 mmol/100 g of body wt, ig). The orotic aciduria was insensitive to acivicin (1 and 5 mg/100 g of body wt, ip), a specific inhibitor of the cytoplasmic carbamyl phosphate synthetase-II, thus pointing toward the mitochondrion as the principal source of carbamyl phosphate. Cycloheximide (15 and 100 mg/kg of body wt, ip) caused a significant decrease in urinary orotate indicating that the induction of orotate synthesis by glutamine may be associated with the translation of a specific protein. However, orotate excretion was significantly decreased by N-(phosphonoacetyl)-L-aspartate (PALA) (5 mg/100 g of body wt, ip) due to its inhibitory effect on the aspartate transcarbamylase activity. There was a significant increase of urinary orotate following ingestion of adenine supplemented diets (0.1% and 0.2%), suggesting the blockage of the utilization of orotate for nucleotide biosynthesis by glutamine. Since orotate synthesis may also be influenced by ornithine metabolism, we evaluated the effect of glutamine administration on various ornithine-metabolizing enzymes. There was a decrease in hepatic ornithine decarboxylase activity with no change in hepatic ornithine aminotransferase activity following the administration of glutamine. This observation indicates that an increased metabolic utilization of ornithine is not responsible for the increase in orotate excretion, which may be caused principally through an effect of glutamine on mitochondrial carbamyl phosphate synthesis.